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(57) ABSTRACT 

In an illustrative embodiment, the invention discloses a 
computer System in which an arbitrary Set of graphical 
images can be used to navigate through a musical Score. The 
musical Score may be read through by a user while listening 
to the music and pointing to a corresponding position in the 
music. To this end, tracking information may be Stored with 
image as a time-place mapping. In navigation through the 
musical Score, the mapping may be used inversely to cal 
culate musical time from a place pointed at in the Score. In 
collaboration, the mapping may be used to calculate corre 
sponding positions in different versions (parts) of the same 
musical Score presented to different users. 
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SYSTEMAND METHOD FOR 
SYNCHRONIZING A GRAPHIC IMAGE AND 

A MEDIA EVENT 

BACKGROUND OF THE INVENTION 

This invention relates to a System and method for Syn 
chronizing a graphic image and a media event. 

INTRODUCTION TO THE INVENTION 

Our Work extends to Synchronizing a graphic image and 
a media event by way of a digital computer. By the notion, 
a “media event', we mean, e.g., the contents of an audio file, 
a MIDI file (Musical Instrument Digital Interface), a com 
puter animation, or a video file; and, by the notion “a graphic 
image', we mean a Semiotic construct e.g., a printed or 
hand-crafted musical Score, a sketch, remarks, a storyboard, 
or an ethnic notation. For the Sake of pedagogy, however, the 
following discussion references a particular (illustrative) 
case, wherein the media event comprises a digital compact 
disk (CD) representation of a musical performance and, the 
graphic image comprises a corresponding printed musical 
Score from whence the performance can be realized. 

SUMMARY OF THE INVENTION 

We note that navigation through musical material in 
computer Systems has always been a difficult problem. For 
example, typical extant Systems present the music at a very 
low level (as an audio signal or time-line), or the musical 
Score produced from an internal representation of the musi 
cal material looks clumsy or unprofessional. 
We have now discerned a methodology and discovered a 

computer System in which any arbitrary Set of graphical 
images can be used to navigate through musical material 
(i.e., the media event). A central concept, to this end, is the 
following. Musical material may be “read through' by a user 
while listening to the music and pointing to a corresponding 
position in the music (e.g., with a mouse, a touch/screen, or 
graphic tablet). This tracking information may be stored 
with the graphical image as a time-place mapping. In 
navigation through the musical material, the mapping may 
be used in inverse form to calculate musical time from a 
place pointed at in the Score. 

Accordingly, given this tracking information, Selections 
of musical fragments can be made and operations (replay, 
record etc.) can be done depending on a particular realiza 
tion of the present invention, and of which it thereby 
becomes a “front-end'. In a collaborative setup, different 
Score layouts (parts) may be coordinated through the use of 
the time-place maps. These advantages, and others, are 
further detailed below. 

We now disclose the invention by way of a computer 
System comprising: 

1) means for storing a time-based media file correspond 
ing to a media event; 

2) means for Storing a graphic image corresponding to the 
media event; and 

3) means for relating time position in the media file with 
Spatial position in the graphic image, So that a time 
place mapping is created between the media file and the 
graphic image. 

In a Second aspect, the present invention discloses a 
computer method comprising the Steps of: 

1) Storing a time-based media file that corresponds to a 
portion of a media event; 
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2 
2) Storing a graphic image that corresponds to a portion of 

the media event; and 
3) relating time position in the media file with spatial 

position in the graphic image by moving a pointing 
device over the graphic image while the media file is 
presented, thereby constructing a time-place mapping 
between the media file and the graphic image. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention is illustrated in the accompanying drawing, 
in which: 

FIG. 1 shows a computer Screen display of a graphic 
image, 

FIG. 2 shows a system architecture of the present inven 
tion during the construction of a time-place mapping; 
FIG.3 shows a flowchart for realization of a map-building 

component of the System architecture, 
FIG. 4 shows a display mode embodiment of the system 

architecture; 
FIG. 5 shows a flowchart for realization of a map 

interpreting component of the FIG. 4 mode, 
FIG. 6 shows a select mode embodiment of the system 

architecture; 
FIG. 7 shows a flowchart for realization of a map 

interpreting component of the FIG. 6 mode; and 
FIG. 8 shows a collaboration mode embodiment of the 

System architecture for computers connected in a network. 
DETAILED DESCRIPTION OF THE 

INVENTION 

Attention is first directed to FIG. 1, which shows a 
computer Screen display comprising a graphic image 10. The 
graphic image 10 has been Scanned into a computer memory 
by known Scanning techniques. In particular, the graphic 
image 10 includes a portion of a printed musical Score. FIG. 
1 further shows an arbitrary highlight 12 (shaded region) of 
the musical Score, which highlight 12 may be earmarked in 
a conventional manner by a touch-Screen capability. 
AS Summarized above, it is an objective of the present 

invention to relate an illustrative FIG. 1 type spatially based 
graphic image 10 with a complementary time-based media 
file. FIG. 2, to which attention is now directed, shows an 
exemplary System architecture 14 which may be used to this 
end. 

In Overview, the FIG. 2 system architecture 14 shows that 
a user can follow (point to) a Scanned in Score, (numerals 
16–20), while listening to a complementary time-based 
media file comprising an audio file (numerals 22–26). A map 
builder 28 can create a time-position map 30 which can 
relate movement of the pointing device over the graphic 
image while the media file is presented, thereby constructing 
the time-place mapping. An illustrative map builder flow 
chart is shown in FIG. 3 (numeral 32). 

Central to the FIG. 3 flowchart program is a construction 
and interpretation of a time-position map. This map can 
Store the track of the pointing device while the user reads 
along with the music, and is used in Subsequent interpre 
tations of pointing position and time. Preferably, one Such 
map exists for every page of the Score. This map may also 
be pre-constructed and Stored by e.g., the distributor of the 
time-based media and the graphic files. 
A map preferably is an array in which time-position tuples 

are Stored in increasing time order. To prevent information 
overload, Subsequent positions preferably are only Stored 
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when they differ by more than a certain Space accuracy. In 
a map, disjoint Sections of pointer tracks may be Stored 
(when the pointing device is lifted or released), each ending 
with a specific nil mark. These Sections usually correspond 
to lines (systems) in the Score, and the breaks between them 
indicate where a Section break needs to be drawn. 

There is one constructor procedure that builds a map, and 
two accessor functions that use one to either find the position 
of a point in time, or the time associated with a certain 
position. 

Attention is now directed to FIGS. 4, 6 and 8, which show 
alternative embodiments of the FIG. 2 system architecture 
14, dedicated respectively to display, Select, and collabora 
tion modes (numerals 34, 36,38). 

In particular, the FIG. 4 display mode 34 is one wherein 
the computer can follow the Score (pointing a cursor, turning 
the pages) while playing the audio file. A user may play a 
solo to the accompaniment played by the computer. FIG. 5 
provides a flowchart 40 for realization of the display mode. 

The FIG. 6 select mode 36, on the other hand, is one 
wherein a user can Select a fragment in the Score, and the 
computer plays it. FIG. 7 provides a flowchart 42 for 
realization of the Select mode. 

The FIG. 8 collaboration mode 38, finally, is one wherein 
multiple users, each with a possibly different graphical 
image corresponding to the same time-based media file, are 
shown each other's pointing, annotation, and Selecting 
actions in the position appropriate for each graphical image. 
What is claimed is: 
1. A computer System comprising: 
1) means for storing a time-based media file that corre 

Sponds to a portion of a media event, 
2) means for Storing a graphic image that corresponds to 

the portion of the media event, and 
3) means for relating time position in the media file with 

Spatial position in the graphic image that corresponds to 
the portion of the media event, So that a time-place 
mapping is created between the media file and the 
graphic image. 

2. A computer System according to claim 1, wherein the 
time-based media file comprises an audio file. 

3. A computer System according to claim 1, wherein the 
time-based media file comprises a video. 

4. A computer System according to claim 1, wherein the 
graphic image corresponds to a musical Score. 

5. A computer System according to claim 1, comprising 
means for moving a pointing device over the graphic image 
while the media file is presented, thereby constructing the 
time-place mapping. 

6. A computer method comprising the Steps of 
1) Storing a time-based media file that corresponds to a 

portion of a media event; 
2) Storing a graphic image that corresponds to a portion of 

the media event; and 
3) relating time position in the media file with spatial 

position in the graphic image that corresponds to a 
portion of the media event by moving a pointing device 
over the graphic image while the media file is 
presented, thereby constructing a time-place mapping 
between the media file and the graphic image. 
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4 
7. A method according to claim 6, comprising a step of 

displaying a State of the media file by indicating a Selected 
portion of the graphic image. 

8. A method according to claim 6, comprising a step of 
Selecting a fragment of the media file pointing at the graphic 
Image. 

9. A method according to claim 6, comprising a step of 
displaying pointing gestures and Selections made by one 
user in the graphical image to appear in the appropriate 
position in another graphical image with another layout 
presented to another user by first relating a Space position in 
the first image to a time position using the map correspond 
ing to that image and then relating this time position to a 
Space position in the other image using the map of this 
Second image. 

10. A computer System as recited in claim 1, further 
including 
means for Storing Said time-place mapping. 
11. A computer system as recited in claim 10, further 

including 
means for accessing a portion of Said graphic image from 

Storage based upon a Selected position in Said media 
file. 

12. A computer system as recited in claim 10, further 
including 
means for accessing a portion of Said media file from 

Storage based upon a Selected Spatial position in Said 
graphic image. 

13. A computer System as recited in claim 11, further 
including 
means for accessing a sequence of portions of Said 

graphic image in accordance with presentation of Said 
media file. 

14. A computer System as recited in claim 13, further 
including 
means for accessing a Sequence of portions of another 

graphic image in accordance with presentation of Said 
media file. 

15. A computer System as recited in claim 14, wherein 
Said graphic image and Said another graphic image include 
different Sets of pointing, annotation and Selecting action 
information. 

16. A method as recited in claim 6, including the further 
Step of 

Storing Said time-place mapping. 
17. A method as recited in claim 16, including the further 

Step of 
accessing a portion of Said media file in accordance with 

a Selected location in Said graphic image. 
18. A method as recited in claim 16, including the further 

Step of 
accessing a portion of Said graphic image in accordance 

with a Selected location in Said media file. 
19. A method as recited in claim 18, wherein said access 

ing Step is repeated in accordance with a presentation of Said 
media file. 

20. A method as recited in claim 18, including the further 
Step of 

accessing a portion of another graphic image in accor 
dance with a Selected location in Said media file. 


